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Abstract 
The objective of this study was to evaluate the effectiveness of oral administration of ethanol extract of propolis against 
gentamicin induced nephrotoxicity in rats. Oral administration of ethanol extract of propolis (EEP) at doses 25, 50 and 100 
mg/kg.b.wt. orally/daily for 7 days) against gentamicin (GM) at dose 100 mg/kg b.wt., i.p./daily for 7days) induced 
nephrotoxicity in six equal groups of adult male Sprague-Dawley rats. Blood was collected 24 h after the last injection for 
determination of serum creatinine, urea, and aspartate aminotransferase (AST) activity. Rats were euthanized and kidney 
tissue specimens were collected for determination of oxidative/antioxidative biomarkers, gene expression for antioxidative 
enzymes and DNA fragmentation. Results revealed that there was a significant increase in creatinine and urea levels and 
AST activity in serum of rats treated with GM only compared to control group. Lipid peroxidation in renal tissue showed 
significant elevation in GM-only treated group, however, superoxide dismutase, glutathione peroxidase and catalase and 
its gene expression were markedly decreased. DNA fragmentation was significantly increased in renal tissue of GM only 
treated rats. Oral administration of EEP exhibited curative effects by reversing GM-induced alterations in serum 
biochemical and renal tissue oxidative stress biomarkers. In conclusion, propolis is effective in preventing or ameliorating 
oxidative stress of gentamicin. 
Key words: Propolis; Gentamicin; Nephroprotective; Antioxidants enzymes; gene expression; DNA fragmentation; 
Rats. 
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1. INTRODUCTION 
Gentamicin (GM) is an aminoglycoside antibiotic which is used in clinical practice to treat severe gram-negative infections 
[1]. The incidence of aminoglycosides-induced nephrotoxicity has increased and about 30% of patients treated with GM for 
more than 7 days show some signs of nephrotoxicity [2]. Other investigators have suggested that aminoglycosides 
antibiotics can stimulate formation of free radicals [3]. There have been many studies suggesting a significant role for 
reactive oxygen species (ROS) in GM-induced nephrotoxicity [4]. ROS scavengers and antioxidants have been used to 
ameliorate the GM-induced nephrotoxicity [5].  
Oxidative stress is a disturbance in the balance between production of ROS and antioxidant defense. Free radicals 
are continuously produced during normal physiologic events and attack macromolecules including proteins, DNA, and 
lipids, causing tissue injury. The body has developed major antioxidant defense mechanisms for the removal of free 
radicals.  
Propolis is a resinous hive product, produced by honey bees from various plant sources. The chemical composition 
of raw Egyptian propolis sample (collected from Dakahlia Governorate) as investigated by GC/MS, 65 compounds were 
identified, such as aromatic acids: benzoic, cinnamic, trans-p-coumaric, 3,4- dimethoxycinnamic, ferulic and caffeic acids. 
Of the 19 esters identified, Egyptian propolis contained 11 caffeate esters including two new to propolis, tetradecenyl 
caffeate (isomer) and tetradecanyl caffeate. Egyptian propolis contained some new triterpenoids including lupeol and 
alpha-amyrin. It also contained flavonoids, sugar, and aliphatic acids. The investigators stated that Dakahlia propolis 
sample was a typical popular propolis [6].  
Propolis possesses a broad spectrum of biological activities, enhances immune system activities [7, 8] and oxygen 
radical scavenging [9]. Biological and therapeutic actions of propolis are generally attributed to its constituents of plant 
origin, mainly phenolics. Flavonoids are well-known to possess antioxidant activity, mainly via their free radical scavenging 
activity and metal chelating properties [10]. Strong antioxidant properties for different propolis samples using different 
chemical assays, such as scavenging of DPPH (2,2-diphenyl-1-picrylhydrazyl) radical [11], scavenging of superoxide 
anion and inhibition of DNA cleavage induced by hydrogen peroxide UV-photolysis [12]. Recently it has been shown that 
propolis decreased lipid peroxidation and augmented the activity of antioxidant enzymes in the kidneys of diabetic rats 
[13].   
In the present study, we aimed evaluate the effectiveness of oral administration of ethanol extract of propolis 
against gentamicin induced nephrotoxicity in rats. The activity of antioxidant enzymes associated with GM nephrotoxicity 
and the effect of propolis on gene expression of superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase 
(CAT) as well as DNA fragmentation in kidney tissue was studied. 
2. MATERIAL and METHODS 
This study was carried out according to guidelines for animal experimentation, and approved by the Institutional Animal 
Care and Use Committee, National Research Centre Animal Care Unit, Dokki, Giza, Egypt.  
Gentamicin sulfate (Memphis Co. for Pharmaceutical & Chemical Industries, Cairo, Egypt) for injection was used. All 
chemicals used were of good quality and analytical grade. 
2.1. Propolis Extraction 
Fifty grams of the resinous material of Egyptian propolis (obtained from Dakahlia Governorate, Egypt) were cut into small 
pieces and extracted at room temperature with 100 ml of 80% ethanol for 24 h. The extraction was performed twice. The 
alcoholic extract was evaporated under vacuum at 50C until dryness. Dried ethanol extract of propolis (EEP) (yield 14 g) 
was suspended in phosphate buffered saline, pH 7.2 [6]. A voucher sample of the used Egyptian propolis was kept at the 
Pharmacology Department, Faculty of Veterinary Medicine, Cairo University, Egypt.  
2.2. Animals  
Thirty-six adult male Sprague-Dawley rats of 140-150g body weight were used in this study. Animals were housed in a 
well-ventilated animal room under standardized conditions of 24C; relative humidity 505% and 12 h light/dark cycle at 
the Animal House, National Research Center, Giza, Egypt. Feed and water were supplied ad libitum to meet the 
requirements of the NRC [14]. Rats were acclimatized for 15 days before the start of the experiment. 
2.3. General Layout of the Experiment  
Rats were randomly divided into six equal groups. The first group was injected i.p. with sterile normal saline (0.2 ml/day). 
The second group was injected i.p. with gentamicin at dose 100mg/kg b.wt. The third group was administrated EEP orally 
at dose 100mg/kg b.wt. Rats in the 4th to the 6th group were injected with gentamicin i.p. at the same dose simultaneously 
with EEP orally at doses 25, 50 and 100mg/kg b.wt., respectively. All treatments extended for 7 days. Twenty four h after 
the last injection, blood was collected by retro orbital venous plexus puncture and was used for separation of serum to 
assess urea and creatinine levels and aspartate aminotransferase activity. Rats were then euthanized and kidney tissue 
specimens were collected and stored at -80°C until analyzed for evaluation of the oxidant/antioxidant parameters, gene 
expression of the GPx, SOD and CAT and DNA fragmentation. 
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2.4. Renal Functions Assessment   
Enzymatic determination of serum urea [15], creatinine levels [16] and aspartate aminotransferase (AST) activity [17] 
were determined using test kits (bioMérieux, France). Measurements were performed using Spectrophotometer model 
T80, UV/Visible, double beam, UK. 
2.5. Oxidant/antioxidant Biomarkers Assessment  
2.5.1. Preparation of Kidney Homogenate 
At the end of the experiment, 0.5 g of kidney tissue was collected from each rat, washed in ice-cold 0.9% NaCl and 
homogenized in ice-cold 1.15% solution of potassium chloride in 50 mM potassium phosphate buffer solution (pH 7.4) to 
yield a 10% (W/V) homogenate. Homogenization was performed using Sonicator (4710 Ultrasonics Homogenizer, USA). 
The homogenate was centrifuged at 4,000×g for 5 min at 4°C. The supernatant was collected and used for determination 
of the concentration of reduced glutathione (GSH) and lipid peroxidation byproducts (LPx, expressed as malondialdehyde) 
and the activity of GPx, SOD and CAT  as well as total protein concentration was used to express the enzymatic activity as 
/mg protein. 
2.5.2. Assessment of Oxidant/antioxidant Biomarkers and Total Protein Concentration 
GSH content of kidney homogenate was determined using Ellman’s reagent [18] and its concentration was expressed as 
mM/mg protein. LPx were determined in renal tissue homogenate [18]. Level of Lipid peroxides was expressed as nM/g 
tissue. Renal GPx activity was measured [20] and the assay was an indirect measurement of the activity of GPx. The 
activity of GPx was expressed as U/mg protein. The renal SOD activity [21] and CAT [22] activities were measured in 
renal homogenate and their activity was expressed as U/mg protein. Renal total protein concentration was measured 
using bovine serum as a standard [23]. All parameters were analyzed spectrophotometerically (Spectrophotometer; T80 
UV/VIS PG instrument Ltd, UK) using Test kits from Bio-diagnostic, Dokki, Egypt. 
2.6. Gene Expression 
2.6.1. RNA Extraction and Semi-Quantitative RT-PCR 
Kidney samples (200 mg) were quickly thawed and homogenized in 2 ml of Trizol and total RNA was isolated according to 
the manufacturer’s directions. RNA was resuspended in RNase-free water, quantitated using UV spectrophotometer, and 
stored at -80°C. The quality of the isolated RNA was assessed by measuring the absorbance at 260 nm, analyzing the 
A260/A280 ratio (1.7- 2). 
For cDNA synthesis, 3 µg of total RNA were heated to 70°C for 10 min then placed immediately on ice for 10 min. To 
each sample, 4 µl of 5x first strand buffer, 2 µl of 0.1 mol/l DTT, 4 AL of 2 mmol/l each deoxynucleotide triphosphate mix, 
1 µL of oligo (dT) primer and 1 µl of Superscript II reverse transcriptase were added. Reverse transcription was then 
carried out at 42°C for 50 min, followed by heating to 70°C for 15 min and cDNA samples were stored at -20°C until 
assayed. cDNAs were amplified using specific primers for rats GPx, SOD and CAT (Table 1). Gene expression was 
assayed according to the manufacturer’s instruction. The PCR program cycles were set as follows: initial denaturing at 
95°C for 20 s, followed by 40 cycles (95°C for 3 s, 60°C for 30 s). β -actin mRNA was used as an internal standard, GPx, 
SOD and CAT mRNA expressions were determined by quantitative reverse transcription-PCR (RT-PCR) and normalized 
against β-actin mRNA levels. The PCR product was run on a 2% agarose gel in Tris-borate-EDTA buffer and visualized 
over a UV Trans-illuminator. The ethidium bromide-stained gel bands were scanned and the signal intensities were 
quantified by the computerized Gel-Pro (version 3.1 for window 3). The ratio between the levels of the target gene 
amplification product and the β-actin (internal control) was calculated to normalize for initial variation in sample 
concentration as a control for reaction efficiency [24]. 
Table (1): Summary of the primers performed in PCR amplification. 
 
 
 
 
 
 
 
 
 
 
Primers Sequences 
 
Annealing 
Temperature 
(C) 
References 
 
Size 
 
β –Actin 5-CGTGACATTAAGGAGAAGCTGTGC-3 
5-CTCAGGAGGAGCAATGATCTTGAT-3 
          64 
          [25] 
374 BP 
SOD1 
 
5-GTGCTGAAGGGCGACG-3 
5-TTTCCACCTTTGCCCAAG-3 
58 
[26] 
370 BP 
GPx 
 
5-GGGCTCCCTGCGGGGCAAGGT-3 
5-ATGTACTTGGGGTCGGTCATG-3 
64 
[27] 
354 BP 
CAT 5-GCAGATACCTGTGAACTGTC-3 
5-GTAGAATGTCCGCACCTGAG-3 
59 
[28] 
229 BP 
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2.6.2. DNA Fragmentation Assay 
2.6.2.1. DNA Extraction 
DNA fragmentation was used as a measure of apoptotic. The presence of DNA ladder was determined according to the 
modified method [29, 30].The absorbance of the DNA solution was read spectrophotometrically at absorbance of 260 and 
280 nm. Equal amounts of DNA were taken after spectrophotometric analysis [31]. 
2.6.2.2. Agarose Gel Electrophoresis 
A gel was prepared with 2% agarose containing 0.1% ethidium bromide. The gel was electrophoresed using the 
submarine gel electrophoresis machine. The DNA was visualized and photographed with illumination under UV light. 
2.7. Statistical Analysis 
Data were presented as mean ± standard error. Differences between control and treated groups were tested for 
significance using one-way analysis of variance (ANOVA) followed by Duncan’s multiple range test. Differences were 
considered significant at P<0.05 level using SPSS version 15 computer program [32]. 
3. RESULTS 
3.1. Effect of propolis on serum creatinine, urea levels and the activity of AST 
GM significantly (P<0.05) elevated serum creatinine and urea levels and increased the activity of serum AST when 
compared to control group. Simultaneous administration of EEP orally at doses 25, 50 and 100g/kg b.wt., respectively with 
GM maintained serum creatinine, urea levels and AST activity at levels comparable to those of normal control and 
significantly (P<0.05) lower than those of GM-alone treated groups (Table 2). 
 
Table (2) Effect of propolis on serum creatinine, urea and serum and renal tissue AST in rats treated with 
gentamicin (100mg/kg,i.p.) 
                                       Parameters 
Groups 
Creatinine 
(mg/dl) 
Urea 
(mg/dl) 
Aspartate 
aminotransferase 
(AST) (IU/L) 
Control 
(normal saline) 
0.54±0.04
c
 30.95±2.44
d
 146.87±1.97
b
 
Gentamicin 
(100mg.kg/b.wt.i.p.) 
2.05±0.05
a
 68.46±2.54
a
 191.53±3.15
a
 
Propolis(100mg.kg/b.wt.orally) 0.63±0.03
c
 34.17±1.94
cd
 135.30±3.51
bc
 
Propolis(25mg.kg/b.wt.orally 
+Gentamicin) 
0.85±0.08
b
 39.66±1.57
bc
 147.86±4.34
b
 
Propolis(50mg.kg/b.wt.orally 
+Gentamicin) 
0.83±0.05
b
 38.36±1.57
bc
 146.58±3.74
b
 
Propolis(100mg.kg/b.wt.orally 
+Gentamicin) 
0.81±0.05
b
 41.04±1.63
b
 125.85±8.32
c
 
Means with different superscripts in the same column are significantly different at P <0.05. 
3.2. Oxidant/antioxidant biomarkers  
GM caused significant (P <0.05) decrease in the level of reduced GSH compared to control group. Propolis (at all doses) 
elevated GSH levels in renal homogenate of all GM- treated groups. In the opposite manner, GM caused significant (P 
<0.05) elevation of LPx, expressed as malondialdehyde, in renal homogenate in comparison with control group. Co-
administration of propolis at all doses prevented the GM-induced increase of renal LPx (Table 3).   
Oral administration of propolis significantly (P <0.05) increased the activity of GPx, SOD and CAT in renal tissue of 
GM- treated rats compared to the control group. Propolis at all doses markedly (P <0.05) enhanced the decreased 
activities of GPx, SOD, and CAT in all GM-treated groups in comparison with GM-alone treated rats (Table 3).  
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Table 3 Effect of propolis on the activity of antioxidant/oxidant markers in renal tissue homogenate of rats treated  
               with Gentamicin (100mg/kg, i.p.). 
             Parameters 
                           
 
Groups 
Superoxide 
dismutase  
(SOD) 
 (U/mg protein) 
Catalase 
(CAT) 
(U/mg protein) 
Glutathione 
peroxidase 
(GPx) 
(U/mg protein) 
Glutathione 
reduced (GSH) 
(mM/mg protein) 
Lipid peroxidation 
byproducts (LPx) 
(nM/g tissue) 
Control 
(normal saline) 
 
34.73±1.27
b
 
 
3.18±0.22
a
 
 
0.80±0.02
b
 
 
33.57±1.89
b
 
 
2.02±0.16
c
 
Gentamicin 
(100mg.kg/b.wt.i.p.) 
 
22.93±2.04
c
 
 
2.06±0.25
b
 
 
0.43±0.01
d
 
 
23.00±0.92
e
 
 
6.60±0.33
a
 
Propolis 
(100mg.kg/b.wt. orally) 
 
42.00±2.82
a
 
 
3.66±0.24
a
 
0.87±0.02
a
 
 
38.36±0.61
a
 
 
1.88±0.20
c
 
Propolis 
(25mg.kg/b.wt. orally 
+Gentamicin) 
 
33.90±1.60
b
 
 
3.18±0.30
a
 0.73±0.02
c 
 
31.44±0.51
bc
 
 
2.85±0.10
b
 
Propolis 
(50mg.kg/b.wt. orally 
+Gentamicin) 
 
34.70±1.80
b
 
 
2.94±0.22
a
 0.75±0.02
bc 
 
29.57±0.79
cd
 
 
2.94±0.19
b
 
Propolis 
(100mg.kg/b.wt. orally 
+Gentamicin) 
 
38.90±1.02
ab
 
 
3.33±0.16
a
 
 
0.74±0.02
c
 
 
27.35±0.75
d
 2.43±0.20
bc 
Means with different superscripts in the same column are significantly different at P <0.05. 
 
3.3. Gene Expression  
The ratio of GPx mRNA/β-actin (1.5) in GM-alone treated rats indicates a down expression in GPx compared to the ratio 
between control mRNA/ β-actin ratio (2.7) (Fig. 1 and 2). Meanwhile, the ratio of SOD mRNA/ β-actin (0.71) in rats treated 
with gentamicin was decreased than that of control mRNA / β-actin (1.07) (Fig. 1 and Fig.3). The ratio of CAT mRNA/ β-
actin (0.55) was decreased in rats treated with gentamicin as compared to control CAT mRNA/ β-actin (0.70) (Fig. 1 and 
Fig. 4).   
Co-administration of propolis and Gentamicin have increased the ratio of GPx mRNA/ β-actin compared to 
Gentamicin alone-treated rats (2.5, 2.6, 2.6 for the GM and three tested doses of propolis, respectively compared to 1.5 for 
GM alone treated rats). SOD mRNA/β-actin ratio has increased after treatment with three tested doses of propolis by 1.16, 
1.03 and 1.02, respectively in comparison with 0.71 for GM alone treated rats. Moreover, CAT mRNA/ β-actin ratio was 
increased after treatment with three tested doses of propolis to reach 0.67, 0.69 and 0.69 respectively vs 0.55 for GM-
alone treated rats as shown from the results of image analysis 
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Fig. 1: Effect of gentamicin and propolis on expression pattern of antioxidants enzymes mRNA levels in renal tissue of 
different groups of rats; the ratio between the relative level of the target amplification product over the β-actin 
(internal control) was calculated as normalized gene expression. Different letters on different groups in the same 
enzyme are significantly different at P <0.05. (Mean±SE). Means for the same enzyme with different letters are 
significant at P <0.05. 
 
 
Fig. 2 Effect of gentamicin, and propolis on expression pattern of glutathione peroxidase (GPx) mRNA level in kidney of 
rats. The 354 and 374 bp fragments represent GPx transcript, β-actin as internal standard respectively; lane M: 
molecular marker (100 bp); Lane 1: Control, lane 2: gentamicin, lane 3: propolis (100mg/kg b.wt.), lane 4: propolis 
(25mg/kg b.wt.)+gentamicin, lane 5: propolis (50mg/kg b.wt.) + gentamicin, lane 6: propolis (100 mg/kg b.wt.) + 
gentamicin. 
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Fig. 3: Effect of gentamicin and propolis on expression pattern of SOD mRNA level in kidney of rats.  The 370 and 374 bp 
fragments represent SOD transcript, β -actin as internal standard respectively; lane M: molecular marker (100 bp). 
Lane 1: control, lane 2: gentamicin, lane 3: propolis (100mg/kg b.wt.), lane 4: propolis (25mg/kg b.wt.)+gentamicin, 
lane 5: propolis (50mg/kg b.wt.) + gentamicin, lane 6: propolis (100 mg/kg b.wt.) + gentamicin. 
 
 
Fig. 4 Effect of gentamicin and propolis on expression pattern of CAT mRNA level in kidney of rats.  The 229 and 374 bp 
fragments represent CAT transcript, β-ctin as internal standard respectively; lane M: molecular marker (100 bp). 
Lane 1: control, lane 2: gentamicin, lane 3: propolis (100mg/kg b.wt.), lane 4: propolis (25mg/kg b.wt.)+gentamicin, 
lane 5: propolis (50mg/kg b.wt.) + gentamicin, lane 6: propolis (100 mg/kg b.wt.) + gentamicin. 
3.4. DNA fragmentation 
The percentage of DNA fragmentation in kidney of rats treated with GM was much higher than that of control. Animals 
treated with propolis showed a decrease in the percentage of DNA fragmentation. On the other hand, animals treated with 
gentamicin and propolis at any of the three tested doses showed a significant improvement in the percentage of DNA 
fragmentation towards the control values (Table 4).  
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Table 4 Effects of propolis on percentage of DNA fragmentation on renal tissue of rats  
              treated with   Gentamicin (100mg/kg, i.p.). 
 
                                       Parameters 
Groups 
DNA Fragmentation 
( %) 
Change 
(%) 
Control(normal saline) 
 
6.5 
 
--- 
Gentamicin(100mg.kg/b.wt. i.p.) 
 
14 
 
+ 7.5 
Propolis(100mg.kg/b.wt. orally) 
 
5.7 
 
- 0.8 
Propolis(25mg.kg/b.wt. orally 
+Gentamicin) 
 
7.3 
 
+ 0.8 
Propolis(50mg.kg/b.wt. orally 
+Gentamicin) 
 
7 
 
+ 0.5 
Propolis(100mg.kg/b.wt. orally 
+Gentamicin) 
 
7.2 
 
+ 0.7 
 
4. DISCUSSION 
The present study was conducted to evaluate the protective effect of propolis against GM- induced renal dysfunction and 
antioxidant enzymes activity associated with nephrotoxicity and on gene expression of GPx, SOD, and CAT as well as 
DNA fragmentation in renal tissue.  
Gentamicin caused a significant (P <0.05) elevation of serum creatinine, serum urea levels and the activity of 
serum AST when compared to control group. Results of this study confirmed that GM at a dose of 100 mg/kg/day for 7 
days produces nephrotoxicity as evident by the reduction in glomerular filtration rate which is shown by increase in serum 
creatinine. This impairment in glomerular function was accompanied by an increase in blood urea nitrogen. Serum 
creatinine concentration is more significant than the serum urea level in the earlier phases of kidney disease. On the other 
hand, blood urea nitrogen begins to rise only after a marked renal parenchymal injury occurs [33].  
GM caused oxidative stress and consequently decreased the activities of the antioxidant enzymes (GPx, SOD, and 
CAT). Because of GM has been shown to enhance the generation of ROS [34] which have been suggested as a 
causative agent of cell death in different pathological states including various models of renal diseases [35]. It has been 
shown that the altered concentrations of various biochemical indicators of oxidative stress in kidney tissue are due to GM 
[36]. GM-induced renal damage is probably due to rapid changes in membrane lipid composition which may be induced 
by free radical-initiated lipid peroxidation [37]. This view is supported by increased lipid peroxidation byproducts (LPx) 
levels; one of the aldehydic products of lipid peroxidation, in GM treated rats [38].  
Oral administration of propolis exhibited a marked antioxidant effect since it alleviated the GM-induced oxidative 
stress. The antioxidant effect of propolis is probably due to its activity in scavenging of hydroxyl, superoxide free radicals, 
and lipid peroxides [39]. Propolis and its polyphenolic/flavonoid components have been previously reported to chelate 
metal ions and scavenge singlet oxygen, superoxide anions, proxy radicals, hydroxyl radicals and peroxy nitrite [40]. 
Nephrotoxicity is mediated by free radicals or by depletion of endogenous pool of antioxidants such as GSH. 
Oxidative stress was characterized by increased lipid peroxidation and/or altered non-enzymatic and enzymatic antioxidant 
systems. Cumulative evidence suggested that various enzymatic and non-enzymatic systems have been developed by 
mammalian cells to cope with ROS and other free radicals [41]. Several agents that scavenge or interfere with the 
production of ROS have been successfully used to ameliorate GM nephropathy [42]. This protective effect was associated 
with the ability of propolis to prevent the increase in lipid peroxidation and the fall in the antioxidant enzymes activity 
observed in renal cortex of rats with GM nephropathy. In addition, propolis treatment also partially prevented the decrease 
in serum GPx, which is synthesized almost exclusively in kidney proximal tubular cells [43, 44] and may be used as a 
marker of tubular damage [45]. Moreover, the elevation in glomerular antioxidant enzymes (GPx, SOD and CAT) protects 
renal function against the injury induced by ROS [41, 46]. The exaggerated production of ROS in GM nephrotoxicity could 
induce inactivation of antioxidant enzymes. The decrease of ROS induced by propolis, which was made evident by the 
prevention in the lipid peroxidation rise, may be involved in the preservation of SOD and GPx activity in the GM+EEP-
group. The decrease in CAT protein content and mRNA levels also may be involved in the low CAT activity [47]. 
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GM induced depletion of GSH was restored by propolis treatment, Thus, EEP may play a key role against GM 
intoxication by influencing the cellular GSH pool. In the present study, GM-induced renal injury was associated with 
increase lipid peroxidation byproducts (LPx). Similar results have been previously reported [48]. Propolis treatment 
significantly restored the LPx to values nearly similar to control one confirming its antioxidant effect and indicating its 
protective effect against GM induced peroxidative damage. Several active constituents and organic compounds present 
in propolis extract could act synergistically and inhibited LPx and acting as antioxidants diminishing GM induced 
peroxidative renal damage. 
The activity of SOD is a sensitive index in hepatorenal damage as it scavenges the superoxide anion to form 
hydrogen peroxide leading to diminish the toxic effects. The CAT is an enzymatic antioxidant widely distributed in all 
animal tissues that decomposes hydrogen peroxide and protects the tissue from highly reactive hydroxyl radicals. 
Therefore, the reduction in the activity of these two enzymes may result in a number of deleterious effects due to the 
accumulation of superoxide radicals and hydrogen peroxide. Recent evidence suggests a role of ROS metabolites in 
gentamicin toxicity [49]. Gentamicin was found to enhance the generation of superoxide anions and hydroxyl radicals from 
renal cortical mitochondria. Such oxygen free radicals play an important role in pathogenesis of nephrotoxicity by 
gentamicin [50]. In the present study, propolis extract significantly restored the renal SOD and CAT activity indicating that 
propolis extract could scavenge reactive free radicals that eventually lessen the oxidative damage to the tissues and 
subsequently improve the activities of these antioxidant enzymes. Propolis has also similar protective effect against 
kainate-induced neurotoxicity via decreasing lipid peroxidation in hippocampus [50]. Moreover propolis may play a 
hepatoprotective role through reducing oxidative stress in living system [51, 52]. In addition, propolis was reported to 
increase serum GSH, CAT and pancreatic SOD activities in streptozotocin-induced diabetic rats, an effect which was 
attributed to its antioxidant potential [52, 53]. Phytochemical investigations of propolis have demonstrated the presence of 
flavonoids and polyphenolic components as main active ingredients having potent antioxidant activities [54]. The 
antioxidative property of propolis extract may be due to its active chemical constituents. 
In this study, GM caused significant increase in the percentage of DNA fragmentation in kidney, this is in agreement with 
others as they  reported that gentamicin induce DNA fragmentation associated with apoptosis in the kidney of rats[55].  
Similar observation was also reported in kidney cells of mice [56]. The present data revealed that GM significantly 
decreased the gene expressions of antioxidant enzymes (GPx, SOD and CAT).  This effect may be due to a decrease in 
antioxidant gene transcription as reported by others [57]. The decreased gene expression may explain the protective 
effect of other antioxidants against gentamicin-induced nephrotoxicity [5, 58]. 
5. CONCLUSION 
Propolis treatment prevented or ameliorated the renal alterations induced by GM administration as indicated by 
maintenance of the activity of antioxidant enzymes and gene expression changes associated with GM nephrotoxicity as 
well as improvement of renal functions. However, further experiments are required to isolate the active constituents of 
propolis and explore their efficacy. 
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